Describing the quality of forest ecosystems using a carbon sequestration approach is important in understanding global warming. From 1997 to 2010 years, i.e. 1997, 2000, 2001, 2002, 2003 and 2007
Introduction
Reduction of forest cover is an important issue to combat global warming. As forest areas decrease, the capture of CO2 from the atmosphere is also lessened. Local programmes to increase CO2 capture from the atmosphere are essential to combat global warming. PTNMR has committed to reclaim 215 ha of bare land in an ex-mining area in Ratatotok, North Sulawesi, Indonesia, and to restore it to a fully functioning forested ecosystem (Figure 1 ).
Since rehabilitation, the vegetation has re-established and grown and the area has turned into a more natural ecosystem (Pollo et al., 2011) . As trees planted on the area are continuing to grow and capture CO2 from the atmosphere, the forest has retained a certain carbon mass and a certain value of a growing carbon storage that sinks into its carbon pools. Hollinger (2008) ; Burton and Pregitzer (2008) ; and Scott and Brown (2008) defined carbon pools as standing trees, leaves, shrubs, litter fall, roots, soil. In order to know how much carbon is sequestered and stocked in the forest, research on carbon stock estimation is important and necessary.
Figure 1 Gold mining location of PTNMR in Ratatotok, Southeast Minahasa (source: PTNMR)
Five parameters are measured in the observation plots:
1. Species composition in various stages of plant development.
2. Tree height and its diameter for biomass calculation on standing trees.
3. Carbon content of understorey (seedlings and ground cover).
4. Carbon content of ground litter.
5. Carbon content of soil.
Tree species and plant life forms were directly identified in the field. The biomass of the standing trees was calculated using allometric equations based on tree diameter which was then multiplied by 0.47, a default fraction determined by McGroddy et al. (2004) to obtain a carbon fraction value. Carbon content of the understorey vegetation (seedlings and ground cover), ground litter, and on soil were analysed using loss on ignition, combusted in a muffle furnace at 360°C for 2 hours, and gravimetric methods (Heiri et al., 2001; Konen et al., 2002) . All the work to obtain carbon fraction data was undertaken in the Soil Physics Laboratory of Faculty of Agriculture, Sam Ratulangi University, Indonesia.
Species composition at various stages of plant development
Species composition data were collected from quadrilateral plots which were systematically separated and adjusted directly in each transect. Stages of a plants life cycle consist of seedling, sapling, shrub and pole, and tree. Classification of each stage is as follows:
The plot size for the seedlings was 1 x 1 m, sapling was 5 x 5 m, shrub and pole was 10 x 10 m and trees were 20 x 20 m (Brower and Zar, 1984) . All plants found in each plot were recorded and tabulated.
Tree height and diameter for biomass calculation on standing tree
The standing tree for biomass calculation was obtained from sapling, shrub and pole, and tree. The total height of tree was measured using a pole. Tree diameter was measured at breast height with a phi band. Recorded diameter data was then calculated using allometric equations to predict standing tree biomass in kg/ha or t/ha. The biomass value was multiplied by default carbon fraction of 0.47 to obtain carbon value in kg/ha or t/ha. Tropical forest typically contains approximately 47-50% carbon fraction deposited as terrestrial biomass (Brown, 1997; Eggleston et al., 2006; Chojnacky and Milton, 2008) . By adding a time unit, forest productivity levels can be determined.
There are several allometric equations available for biomass calculation as summarised in Table 1 . Adinugroho and Sidiyasa (2006) 3 
Carbon content of understorey vegetation
Understorey vegetation consists of seedlings and ground cover plants. All understorey living plants, including their roots collected on each plot of 2 x 2 m, were combusted due to loss of ignition method. The gravimetric method showed that the carbon content of understorey vegetation indicated a loss of combusted mass.
Carbon content of ground litter
Ground litter data was collected on the same plot of 1 x 1 m on the seedling's observation plot. Methods employed for carbon content calculation were similar to those that were applied to the understorey category. Table 2 lists the numbers of seedlings found during field observations. Based on this table, there were several seedling species growing on the same environment to fill the ecological niche. There were at least six plant species found during the observation: creepers, weeds, planted ground covers, shading tree, lianas and the sown plants. Of the 42 plant species found, some grew as weeds, some were planted for a specific purpose, and some species established themselves naturally. Most of them were dispersed into the area by a dispersal agent. One of the most abundant plants found was Crotalaria sp. that was sown specifically as ground cover vegetation. Table 3 Numbers of saplings found in all reclaimed areas
Saplings
As shown on Table 3 , from a total of 29 plant species and 319 recorded saplings, all saplings of Swietenia macrophylla and Tectona grandis were the offspring of trees grown in the reclaimed areas. The trees were able to produce fruits, seeds, seedlings and saplings. This implies that the ecological condition of the reclaimed areas were highly suited to the ecological needs of the plants. 
3.1.3
Shrubs and poles Table 4 shows numbers of saplings found during field observation. Based on the data, there were three tree species, namely Glyrisidia maculata, Swietenia macrophylla and Tectona grandis which were growing abundantly within the study site. They were easily identified in the field. These trees are categorised as a fast growing species, with a diameter size between ≥ 10-30 cm. This indicates that the plants have grown well in the reclaimed area
Trees
The number of trees found on sampling plots in all reclaimed areas is summarised in Table 5 .
As shown on Table 5 , there were 105 trees with a diameter ≥ 30-67 cm. The most common plant, as shown on Table 4 , was Glyrisidia maculata, a shading tree. This species cannot be seen in the tree form with a diameter > 30 cm. This is most probably caused by lack of light to support its continued development. The most abundant tree was Swietenia macrophylla. Table 6 summarises a combination of all the plants life cycle stages found in the sampling plots by species type. Table 4 Numbers of shrubs and poles found in all reclaimed areas Table 6 Numbers of plant life forms found in all reclaimed areas continued... Table 6 , from the 66 plant species found in all sampling plots, there were four common species namely, Crotalaria sp., Glyrisidia maculata, Palaquium sp. and Swietenia macrophylla. Crotalaria sp. is a species used as a ground cover to protect bare soil from erosion. This pioneer species was planted while waiting for other tree species to form a forested area. Glyrisidia maculata was planted to serve as a shading tree to reduce sunlight intensity. This species was also planted to create suitable microclimate surrounding each main tree to allow the trees to cover the reclaimed areas. Palaquium sp. and Swietenia macrophylla were planted as the main tree vegetation in the reclaimed area. Table 7 shows that there were 753 trees with diameter ≥ 10-67 cm on a combined total of 19,200 m 2 of sampling plots. If the value was converted to numbers of trees per ha, then the total number of trees per ha is 392, or 84,280 trees in an area of 215 ha. This number of trees in a commercial plantation would be considered of reasonable economic value. The biggest average tree diameter was found in the plots located in the reclaimed year of 2000. Since it was located on a hilly area, it was different from the branching free trees found on the 2002 reclaimed area which is situated on flat ground and where, on average, the tree growth reached 3.63 m. In general, the location of the tree considerably influenced its growth quality.
As shown on

Carbon content of standing trees
As shown on Table 7 , there were six tree species which reached a diameter corresponding to the largest growth stage. These are considered fast growing species. Anthocephalus macrophyllus and Trema orientalis naturally invaded the reclaimed areas with an annual growth increment of 4.45 and 3.7 cm/year, respectively. The fastest growth increment was found in Paraserianthes falcataria with 5.18 cm/year during 2003. Table 8 summarises the biomass and carbon contents in kg/ha on roots and standing trees.
As shown on Table 8 , an average sum of root and standing carbon content was 240,513 kg/ha. In general, carbon content of the reclaimed forest of year 2000 was the highest compared to the others. It was even higher than the trees planted in 1997. This fits with the above explanation.
Based on research done in Indonesia by Dharmawan and Siregar (2009 ) in Masripatin et al. (2010 ), and Samsoedin et al. (2009 ) in Masripatin et al. (2010 , above ground carbon stock in a natural lowland tropical rainforest with a diameter at breast height ranging from 7-70 cm was 230.10-264.70 t/ha. This research found that the standing stock biomass was 435,326 kg/ha or 204,603 kg/ha of carbon or 205 t/ha of carbon which indicated that the reclaimed forest functions similar to that of a natural forest. However to the contrary, the ratio between root and standing biomass was inverted, the younger the vegetation, the higher the value. This can be explained by the fact that soil formation is slower than that of root penetration into a deeper soil solum. Table 8 shows an average sum of understorey carbon content of 240,513 kg/ha. As shown in the data, carbon content of understorey in 2007 was the highest. As this area was reclaimed within five years, the tree canopy had just started to grow. Therefore, there were still gaps among vegetation which allowed the sunlight to reach the forest floor. This created a niche for other plants to grow. Not surprisingly, the carbon content of this area was the lowest. The soil condition of this area was also poor as it had a high clay content. This affected the drainage and aeration. During the rainy season, the water inundates the area. Therefore, only plants that are tolerant to high moisture survive, especially during a long rainy season. Typically, weed plant species have a wide range of tolerance to this particular ecological condition. Table 10 shows carbon content of the ground litter. Based on the data, an average sum of carbon content was 8,845 kg/ha. There were two areas producing high carbon content, the reclaimed areas of 1997 and 2002. These two areas had high litter decomposition as the vegetation had formed a dense canopy. The litters were produced primarily by a deciduous tree, Tectona grandis. 
Carbon content of understorey
Carbon content of ground litter
Carbon content of soil
Based on the Table 11 , the years with the highest dry weight were 1997 and 2007, when the average sum of soil carbon content was 46.38 and 41.52 kg/ha respectively.
The carbon distribution in tropical forest ecosystems is different to more temperate regions. The majority of carbon in the tropics is accumulated at the standing biomass, with only a small fraction found in the soil as a result of the more rapid decomposition in a tropical climate (Tasirin, 1994) . In 1997 the high carbon content can be explained as a result of high soil retention in addition to the age of plants. High soil carbon Ecosystem reconstruction
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